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(57)Abstract: 

PURPOSE: To obtain a rare-earth resin magnet which has a low coercive force and can be 
excellently magnetized in multiple poles without deteriorating its magnetic characteristic as 
much as possible by mixing quenched powder having a chemical composition close to the 
stoichiometric composition Nd2Fe14B and the powder for switching spring magnets and 
forming the magnet by binding the mixture with a resin. 

CONSTITUTION: Quenched powder containing ±0.5at.% Nd12 which is close to the 
stoichiometric composition Nd2Fe14B (Nd12Fe82F6) and having a coercive force 
Hcj&ap;10kOe is mixed with the powder for switching spring magnets in which the size of 
crystal grains is controlled to 20-50mm and which is composed of a soft magnetic phase and 
hard magnetic phase. Then a rare-earth resin magnet is obtained by binding the mixture with 
a resin. The magnet thus obtained has a coercive force of >320kA/m (4kOe) and <795kA/m 
(10kOe). In addition, the permeance factor Pc of the magnet is controlled to ^5. Therefore, a 
rare-earth resin magnet which has a high matching property with the magnetic characteristics, 
such as the (BH)max, Br, ABr/AT(%/K), AHcj/AT (%/K), etc., even in a low coercive force 
region and can be excellently magnetized in multiple poles can be obtained easily. 



LEGAL STATUS 

[Date of request for examination] 25.09.2001 

[Date of sending the examiner's decision of 25.05.2004 
rejection] 

[Kind of final disposal of application other than 



http://wwwl9.ipdLncipi.go.jp/PAl/result/detail/mairi/wAAATmaOPFDA408124730Pl.ht^ 8/5/2005 



Searching PAJ 



Page 2 of 2 



the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's 
decision of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://wwwl9Jpdl.ncipi.gojp/PAl/result/detail/main/wAAATmaOPFDA408124^ 8/5/2005 



m)B^mmfTt (jp) 



02) & 18 4* 1^ ^ « (A) 



J|tPI¥8- 124730 

(43)4ai0 ¥fi68«1996)5H17B 



(BDinta* ogijiB^ fff^mmff fi s^B^ffim 

HO IF 1/08 
1/053 

HO IF 1/08 A 
1/04 H 



m^mom ol e m> 







(TDtUSA 


000005821 












6 ^(1994)10^250 












UJT x« 








:*:EJi^n«*:*:^RXlOoe#» ^^Tm» 














(74)ftaA 





(54) fi«»S:A«ddliiii8l»& 



(57) [giii^j] 

mm is.mjjmmx:$>-:>x^ m max, Br. a 

Br/ AT (%/K) . AHc/AT (%/K) &i'B8iM!|$ 

[«fi!c3 NctFe,,B{b^«SiHfS (Ncl.,Fe„B.) 

«fiCDNd,,±0.5at%, UmJO}ic,^l(M)e(DMl%^W 



32-350 #iB^^ 








®/ A 




/ /<32/(ii 



0.8 



0.4 >- 



'1000 -soo 



(DNda.5DyiFc73Co3GaiBi8.5 



1 

Ctl^l»|g-C@2i&/c320kA/in (4kOe) Ja±. 795kA 

/m (lokoe) *ii(Dlg^:^#±!SI^^§a:E. 

A/m (4kOe) J^±. 795kA/m (lOkOe) ^JSCDffiffiSfcfj 
[0 00 n 

mmi^omm^] -^m^^s^. Net Pe,, eit^s^ 20 

He, ^10kOeCDlli*l»ftiieH^43&520-'50nmiC$fJfflI$n 
[0002] 

2 : 14 : iCcac^moNa Fe. BHtc 

870KONci F e,, Bft^^iffli-r^iiSStfc^COtt 

^-C. :il?%(7)^gCCj£ DOVER-QUENCH, OPITMU^ENC 30 
a UNDER-QUENCKtt^CClE^^^n, OmMUNM^UENCHtfc^ 
X^m^ti (He) i^C^o 

[0003] 3.F.HGrbest6l^Rare earth-Iron-Boron M 
aterials: A New Era in PermanentMagnets, Ann. Rev. 
Mater .Sci.. vol.16 p467 (1986) 'Cj^'^r 0^^<fc 
N4 Fe.. Bffl^#S8ESISt7fffi-300nm«TCcteS«8P 

T. WcK:i^^)\^^-^ ( [BH3 max) 111.5k3/ii^ (14MG0 
e) iL-Cl^-So 

[0004] ±12. OPnMLl^ENCHK.^C[)ll?^S^^^ 40 
80^0^0. (BH) max^71k3/m' (^9MG0e) <7)#±S 

[0 00 5] -^1. m?fe*&f*(D^m^tCDjiMi i «>^C. 
NctFe,,B^b^fi^JBJa (Nd.,Fe.,Bs) J:0*>ffiiN 

[0006] Hirosawa^iiHigh Goercivitv Iron-Rich 50 
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Rare earth Permanent Maqnet Material Based on (F 
e Co) aB-Nd-M (M=A1. Si. Cu. Ga. Ag. 
Au) .37th (1992) FC-lor. Nd, F e,, Blfc^ffllS 
JfflJS J: 9 iSN (St^m i>mc O a^c i'^iat%8l»l LIS 

B^B*4^?5$ffi ^ C <!: r 0PnMUM-QUENCHK^Otl?^5fa 

»i-rnt^Hc3 5&^320kA/m (4kOe) llg^Mf^n-Si L 

[000 7] NdSft4at%<tti^ffiNd&m?ftl&f*{J® 
MWtc^)7ttr5^Sfflf{bJ rif&fD^Sfb J scotbTJ^^o.sc^ 
^Xts:<. tctX\t3 r/Js=0.75<hK<«CoTC>-5i^. 

[0008] ht^^^mWO^mmm^Bn (30nm) 
r&6iamfi«JCCV:7 h4cFe,B?e^Sffl;&5Nd»Fex,B 
t m^B&n ^ /^ L /c^Jft fflSf'Pffl-CSJ&i ^> C <!: -C H c , 
*5tB^£5tl. Kneller6ti> The Exchange-Spring Mag 
net* A New Material Principle for Permanent Magnet 
s. IEEE Trans.Magn., 27 p3588 (l99l) tC^b^<t^ 
CC, CtldC "Exchange-spring-maqnet" ?^^X:7'y>^ 

Nd, Fe^.Bt^^msKmvmm . mffimt 

>'S:^ (spring) (OX^ifC^Mm^cm'oXTtOmiWWh 

ms^it (2o-5onm) rti{m\t^crm-fi^v$>^t^ 

[0009] 

(Fea.aCob.z) bal B^OPT[MUM-QUENCHil?^|&f$^l|} 

fcfcbm^ (Hm) 4770kA/m/>';UX«?Km(DMM 
^mtfilT^^o ^i^cHkt^S5{t;i^5Br<D90%tciiU/ci# 

[0 0 10] Nd,Fe,,B{b^M^ffl^CC*>C:f^Ndl{i 
12at%r&-2>:;&^ (BH) max. Hk/Hc, BrU^Om 

nmmtN(^ f e, , Bib^m^mmmoxz^rz . 5at% 

r^*>^^tt*5liSl>» NdS*5l2.5at%^^^€>ilKH 
c,ttj:^tiK (BH) max. Hk/Hcj. Br;!?^ffiTr^c 

[0011] a9«±iB#jjae}Bi«S(Dis^ (Hm) 19 

08kA/m. 4770kA/m^^Vl/X*ffif§CD (BH) max. Hk/H 

„. Brfj:t<om^nm>it^\\c.t(om%x^^'r. 

[0012] Hc,3J>5795kA/m (lOkOe) ^48:15^^5 

^l^#±Sll}fli»5l3:Hc,795kA/m (lOkOe) flg(0<b 

[0 0 13] ht^h. M2g»^^6^c}*$^i. +^ 
i^C^KfiSll^lfei^-it^C <i:;!?5B|ti^c«9 Hc3 795kA/m 
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(lokoe) vhmmifimmK.tjiZ. ttc, aacD^^cc 

*Hc,. (BH) max. Hk/Hc B rJfe ^©Jia!|$tt*! 

[0014] U±<0^'>K.. (BH) max. Br. A B r/ 
AT (%/K) . AHc,/AT (%/K) i'CiSaSlilftt* 

[00 15] 10 

m^ms. (Nd..Fe„B,) tJia©.m?feta(*tg^o. 
ch*#fl|-cy>^'ttK:@»>'^•-sr>xc^»Pc%5 20 

[0 0 16] 

[fpffl] Nc(,Fe„B{b^fiiim^<i:'3iffiNda-c®SS 
^#tt©fgT/lE3i#^6*a^aFe©«TiH«, 

mSSOJc.S. 2O-50mi{Cifg^t4*sfJtaiSh. 

<*^. NctFcB^b^aaSifiRS (nci,.fq„b.) # 

3fi©Nd,,±0.5at5«> fiSa*Hc.sslOkOe©:Sl?&«»fl:i 

:^^Bt|!(-C*->r (BH) max. Br. ABr/AT(%/ 40 
K) . AH., /AT (%/K) J&i'{iSm#tt©^tt©K 

[0017] 

[0 0 18] 01«Nc|,Fe.,B^b^SI&iMc (NclSl2 
at% ) (C*t or D v*^«):fc#±S7E^S* 4 . 5at% i L 
ft:<6 N ctS^^M^S N dj . i D V, F 67 , C o, G a, B , , . , OPn 
MUM-QUENCH^?ftt9f*©Cu-Ka©Xi^ili»f0I5?:^-r. 
Nd,Fe.,Bi<i;fctC20=43.O3deg(CFe5B (220) i2 
0 = 44.67dec)tC a F e (no) ©?St,>|HlJf*5^J?)6tl*. 50 
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ll»J9i*l3:20- 50nra©fe^BS*i tl-SJSSt*iiffi«-C 
*fj30%©Nd.Fe,,Btl. 65%jy±©Fe,BtB. 5%WT 
©aF^SK^c-o-rt^S. SJftW©iSm#tt«Hc3~3 
20kA/in (~4kOe) . Br~1.2T, (BH) max~95kj/ra 

' (l2Ma3e) Xhi>. 

[0 0 19] S2B±IBiSNdttll>^miNd,Fe,,B 
^ b^aa&iBfiS© N d, , F e, , . s C 0, . , 0 B , OFTIMM-QUENCH 

3 n d, f , ^{i^mM^mLn^o 

.tl?fe«a(*©fiM^bftil*Spinninc@!t?*-2.©JcS*L, 
N cailJ&tWlSNucleatior® -C * 5 , 
[0020] 03«iiiaffiNdS,tl?^if&f*<tNd,Fe,,B 
fk^fiil&ffiSK©Nd. , F e, , . , Co, . 5 , B.OPnWJM-QUENCH 
^?%t9tt©:?^a»i»^fcSK^©En»lK»l1lH mteffttiSrSx 
f. C C ■c:^jtiS{b i «isfrSSW^7!)H:r/c i ^fig^bSiS 
U&l,»JS^b J irreVC*>S, 3irrev{3:S:^-C^SMi'fb3r 
©2<gfelrtt?*53!)>6, J irrev/2J r^^FBlMfift^bS 
i /c, N * F e, , B { b^SHMfiXff ja©ii?**9f* 

l9^ftnAr'b(,>*/cBij^Wtcs8{b]S^Lrus, aimm 

•C*S. C©!^»iKnellere>®l»^iC6© "Exchanq 
e-sprincHuaqnet" -T^Cto^^SS^XT"'; ^i^iastaft-C 

[0 02 1 ] 04«t»^^S^gK:-r€.3?8!X:/';> 
*5j:O^Nd,Fe,,B{b^a^fflfiS©Nd.^F 
e, . . 5 C o, . , . B 6 0FTIMlW-aJENCKil?^t9<*© 2 SI^^Bb 

[0022]Nd,Fe., Bjb^a^iffifiS#a©tl?%l9{* 
»N d, F e. , BJg^Sloo-300nm-C«) 
S*J32<im«T-CBr. Hc,*5<fcC/ftS14 (Hk/Hc,) 

ite^Sl[S*520~ SOnmi l/2feiT"C * •£> fc* 32 u mWT© 
*>3t&fl2|4T-S*i:^^ iJc N d. F e. , B^b^a^ilifiX ( N d. . 

Fe.,B.) f^iao-^^tatitiii^-rsci-c. ia5©«: 

[0 0 2 3] 05W?^gSX-/U>i/fiBiet»»-CNd,Fe 

„ B f b^ Jt^ffifiS© Nd,,Fe,».sCos.,„B, ORIMM-QU 

&/c#±s«M§ffi5©iDasi!t#t4* . 3^}^x y 'J > 
[oo24]05©<i:5{c. fi:.mmv^±mmmmE<D 

Hc,^i^!g-r-2>C:<!;*5-C#S. *fcFe,BiaFe©+ 
:»V-SSTctt, ^n-etl783K. 1043ICCNdi Fe.,B 

© 585ICJ: ») jRt,>®-c3Siftx 7- y > i^eta(*©as^a 



ABr/ATtt-0.07%/KSerCftS. C©ffl«. Nc|,F 
e, , B{t^Sil&;SfiSffia©tLmi*lCtel,^T F e*15at% 

[ 0 0 2 5 J m6\t±immmmmm!tfcm±m 

mmmSt, ^^SSNdx (Feo.,Co..,) bal B.OFT 

HcfCSsfTSBrt (BH) max©M#*in-r. Nc|,Fe,, 
B^b^fi^fflfiS{^iS©Hc.795kA/ra (lOkOe) Sg-C (B 

H) tKoimmmmi>. ua^l. -?-nj:9{£Hc,M*s-c 
[0 02 6] 07tt3£fex7-';>yiS©f3f*, te^iy^N 

d F e, , B < b^a^iSfiK© N d, , F e, . . 5 C o, . , , B , OPHM 
lM-QUENCHil?#m 2 «%««|-C@ft A:#±ffiffiflHa5 
©IS^BSS B di 80*Cl000H f*©^il5il^^$*fi55© 

i ^il^B r-C*S/ctf), Pc= 5W±-C«Nd, Fei, Bfb^ 
Sil^ff3a©.tiJ^*&ft^S:1Uflif@&;c#±Sm«il85 
tl±®«m*!ff?.hS, *yt. -)K«:H„<bHc,®SS 20 
t^WlgS©:^^jMi^Ii{cf^3 ns«iS^tt{ciJS=£ 

kmti)K is.m-:f>)ymBim<oH,,<Dumwi. 
AHc,/AT«-o.3&~-o.4o%/icc, c:©fii«{fc^«S& 
ffligf^j2©.ti?^m©^nKaa«?Lu. -Titto^iaH 

[0027] * 
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* [^H^©?ail|] Nc|,Fe,,B^k^^iaR£ (Nd,.Fe», 

Bs) ^ia©Nd,,±0.5at%, fiSIS^H„^10kOe©tl?^ 
«&l*iiteS&A520- 50mrfC$lWSn;fcV7 hSStttii-'N 

m&Mm-C&r>Xi> (BH) max. Br. ABr/AT(% 
/K) . AHc,/AT(%/K) /j:iiaSi#tt©S^i4© 

5»i** . m^msm^j: *>i&i*&^*5;*c* n d, 

Fe., Bfb^*i&fflJSf^ifi©Sl?^mi®^-riili5 
iai*©5t«ffiS4iS«)?c#±««flH«5%»SC i fcr 

[@S©@l#^i«l9] 

imb] im:^^<)i^ mm{i^<Dsnmicn-r mis. 

[06] HciBr (BH) fnax©H»*^-r!Rftt0 

[07] -'^•-5T>x^^i^lmm ^^^wMMia*© 

[08] l&±Slf}BHS5©Ncja{c>Pfr.S]^!|ti40 
[09 ] #dJ5fflflli»5©H<, <!:«»tt4ii^-r!^tt0 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim (s)] 

[Claim 1] It is the low coercive force rare earth resin magnet of under 
795 kA/m (lOkOe) more than 320 kA/m (4k0e) that mixed the quenching fine 
particles of coercive force HCJ**10kOe, and the exchange spring magnet 
fine particles which consist of a software magnetism phase by which 
crystal grain was controlled by 20-50nm, and a hard magnetism phase 
Ndl2**0. 5at% near Nd2Fel4B stoichiometric composition (Ndl2Fe82 B6), and 
hardened this by resin, 

[Claim 2] It is the low coercive force rare earth resin magnet of under 
795 kA/m (lOkOe) more than 320kA (4k0e)/m that mixed the conversion 
spring magnet fine particles which consist of a software magnetism phase 
in which crystal grain contains 32 micrometers or less, and a hard 
magnetism phase with the quenching fine particles near [ than said 
exchange spring magnet fine particles / where fine-particles particle 
diameter is bigger ] Nd2Fel4B stoichiometric composition (Ndl2Fe82 36), 
and hardened this in the shape of a ring by resin. 

[Claim 3] The low coercive force rare earth resin magnet according to 
claim 1 or 2 which made the permeance coefficient Pc five or more. 



[Translation done. ] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the low coercive 
force rare earth resin magnet which mixes the exchange spring magnet 
fine particles which consist of quenching fine particles of coercive 
force HCJ**10kOe, a software magnetism phase by which crystal grain was 
controlled by 20-50nm, and a hard magnetism phase, and is hardened by 
resin Ndl2**0. 5at% near Nd2Fel4B stoichiometric composition (Ndl2Fe82 
B6). 
[0002] 

[Description of the Prior Art] The quenching fine particles which 
carried out the melt span of Nd of the rate near 2*14:1, Fe, and the B 
ternary system molten metal alloy are the ingredients of the metastable 
state which makes the main phase the Nd2Fel4B compound of about 870 
crystallization temperature K, are classified into OVER-QUENCH, OPTIMUM- 
QUENCH, and a UNDER-QUENCH condition according to extent of quenching, 
and serve as high coercive force (HCJ) in the state of OPTIMUM-QUENCH. 
[0003] J. F. As Rare earth-Iron-Boron Materials: A New Era in 
PermanentMagnets, Ann. Rev. Mater. Sci. , and vol. 16 p467 (1986) have 
described Herbest and others, the residual magnetization Jr of the 
quenching thin band of the OPTIMUM-QUENCH condition which carried out 
crystal control makes the Nd2Fel4 B phase 0. 8T and maximum energy 
product ([BH] max) 111.5 kj/m3 (14MG0e) less than [ single domain 
critical size -300nm ]. 

[0004] Generally it compresses into a ring configuration to about 80% of 
true density chiefly, fixes by resin, and let the quenching fine 
particles which ground the quenching thin band of the above and an 
OPTIMUM-QUENCH condition in mean particle diameter of about 150 
micrometers be the rare earth resin magnet of (BH) max - 71 kj/m3 (^ 
9MG0e). This rare earth resin magnet was put in practical use quickly 
[ since / 1987 ], and acquired the status as a rare earth resin magnet 
following a SmCo system. 

[0005] On the other hand, research of the quenching thin band of the 
amount of low Nd(s) was also done rather than Nd2Fel4B stoichiometric 
composition (Ndl2Fe82 B6) with progress of utilization of quenching fine 
particles, 

[0006] a system [ in / Hirosawa and others is High Coercivity Iron-Rich 
Rare earth Permanent Magnet Material Based on(Fe, Co) 3 B-Nd- 



M(M=aluminum, Si, Cu, Ga, Ag, Au) . 37th MMM (1992) FC-10, and / from 
Nd2Fel4B stoichiometric composition / the amount of low Nd(s) ] — Ga 
etc. ~ lat% — the quenching fine particles of an OPTIMUM-QUENCH 
condition, then HCJ suppose that 320 kA/m (4k0e) extent will be obtained 
by adding and carrying out detailed control of the crystal grain. 
[0007] The point that the ratio of residual magnetization Jr and 
saturation magnetization Js is not about 0. 50, for example, is high with 
Jr/Js=0. 75 with isotropy magnetically attracts attention to the amount 
quenching fine particles of low Nd(s) of Nd **** 4at%. 
[0008] It was presupposed that HCJ came out the main phase of the above- 
mentioned quenching fine particles by being connected in the exchange 
interaction which is a fine crystal grain (30nm) and the soft Fe3B 
metastable phase minded Nd2Fel4 B phase and the grain boundary 
magnetically, and Kneller and others named the ''Exchange-spring-magnet" 
exchange spring magnet to this, as it was in The Exchange-Spring Magnet- 
A New Material Principle for Permanent Magnets, IEEE Trans. Magn. , and 
27p3588 (1991). Software phase Fe3B and hard phase Nd2Fel4B are 
connected in an exchange interaction, and unless a hard phase carries 
out flux reversal, even if the origin of a name removes an opposing 
magnetic field, it is in the point that magnetization of a software 
phase returns reversibly like a spring (spring), and the original 
magnetization is obtained. If a hard phase and a software phase usually 
exist in this way, a stage will be generated in a magnetization curve 
and the fall of magnetic properties will be caused. However, if crystal 
grain is made detailed so that an exchange interaction works to two 
interphases (20-50nm), in spite of being isotropy, it is clear that high 
Jr is obtained, without producing a stage. 
[0009] 

[Problem (s) to be Solved by the Invention] Drawing 8 shows the magnetic 
properties over the amount of Nd(s) of the rare earth resin magnet which 
hardened alloy presentation Ndx (FeO. 8CoO. 2) bal B60PTIMUM-QUENCH 
quenching fine particles by resin. It is ** and is a magnetic-properties 
value after field (Hm) 4770 kA/m pulse magnetization. Moreover, Hk is a 
demagnetizing field when magnetization reaches 90% of Br, and Hk/HCJ 
expresses the square shape nature of a demagnetization curve. 
[0010] Although the amount of Nd(s) in Nd2Fel4B stoichiometric 
composition is 12at(s)%, magnetic properties, such as (BH) max, Hk/HCJ, 
and Br, have the highest adjustment at 12 - 12. 5at% near Nd2Fel4B 
stoichiometric composition. Although it will be set to high HCJ if the 
amount of Nd(s) exceeds 12. 5at(s)%, (BH) max, Hk/HCJ, and Br fall. 
[0011] Drawing 9 shows the ratio of magnetic properties, such as field 



(Hni)1908 kA/m of the above-mentioned rare earth resin magnet, (BH) max 
after 4770 kA/m pulse magnetization, Hk/HCJ, and Br, with relation with 
HCJ. 

[0012] If HCJ exceeds 795 kA/m (lOkOe), magnetic magnetization nature 
will fall. Therefore, generally a thing with the rare earth resin magnet 
near the stoichiometric composition of HCJ795 kA/m (lOkOe) extent with 
carrying out [ much ] multi-electrode magnetization is used. 
[0013] However, if the distance between electrodes narrows further, it 
will become difficult to generate sufficient magnetization field and 
magnetization will become difficult also by HCJ795 kA/m (lOkOe). 
Moreover, if it is made the amount of low Nd(s) like [ stoichiometric 
composition / Nd2Fel4B ] drawing 3 , the deposit of alphaFe will be 
pressed down, and since it becomes difficult to attain homogenization of 
an organization, magnetic properties, such as HCJ, (BH) max, Hk/HCJ, and 
Br, fall. 

[0014] as mentioned above, (BH) — a low coercive force rare earth resin 
magnet excellent in multi-electrode magnetization nature was desired, 
without reducing magnetic properties, such as max, Br, deltaBr/deltaT 
(%/K), and deltaHCJ/deltaT (%/K), as much as possible. 
[0015] 

[Means for Solving the Problem] Ndl2**0. 5at% near stoichiometric 
composition (Ndl2Fe82 B6), this invention mixes the quenching fine 
particles of coercive force HCJ**10kOe, and the exchange spring magnet 
fine particles which consist of a software magnetism phase by which 
crystal grain was controlled by 20-50nm, and a hard magnetism phase, 
hardens them by resin, and let it be a low coercive force rare earth 
resin magnet. Moreover, if it is the low coercive force rare earth resin 
magnet which mixed the exchange spring magnet fine particles containing 
32 micrometers or less with the quenching fine particles near [ than 
said magnet fine particles / where fine-particles particle diameter is 
bigger ] Nd2Fel4B stoichiometric composition (Ndl2Fe82 B6), hardened 
this in the shape of a ring by resin, and made the permeance coefficient 
Pc five or more in order to raise the pack density of magnet fine 
particles as much as possible, it is effective for raising magnetic 
properties and the adjustment of thermal stability. 
[0016] 

[Function] The deposit of alphaFe considered to be the cause of a fall 
of the magnetic properties in the amount of low Nd(s) rather than 
Nd2Fel4B stoichiometric composition is for making flux reversal easy to 
weaken the exchange interaction between crystal grain and to carry out. 
An exchange interaction is an operation which is going to arrange the 



sense of the magnetic moment which approached mutually, and if the sense 
gathers, magnetization will increase. Moreover, since an exchange 
interaction is performed through a crystal grain front face, the 
strength is dependent on the surface area of a particle. If it thinks by 
this volume, surface area of the one where the diameter of crystal grain 
is smaller will increase, and an exchange interaction will become strong. 
Crystal grain is controlled by 20-50nm, and an exchange interaction 
becomes strong because the crystal grain surface area of exchange spring 
magnet fine particles which consist of a software magnetism phase and a 
hard magnetism phase increases. Ndl2**0. 5at% near Nd2Fel4B 
stoichiometric composition (Ndl2Fe82 B6), The exchange spring magnet 
fine particles which consist of quenching fine particles of coercive 
force HCJ**10kOe, a software magnetism phase by which crystal grain was 
controlled by 20-50nm, and a hard magnetism phase are mixed, when this 
is hardened by resin and it is a rare earth resin magnet, even if it is 
a low coercive force field — (BH) — a rare earth resin magnet with the 
high adjustment of magnetic properties, such as max, Br, deltaBr/deltaT 
(%/K), and deltaHCJ/deltaT (%/K), can be obtained easily. 
[0017] 

[Example] Hereafter, an example explains this invention. 
[0018] Drawing 1 shows the X-ray diffraction pattern of Cu-Kalpha of the 
amount alloy presentation Ndof low Nds3. 5DylFe73Co3GalB18. 5 OPTIMUM- 
QUENCH quenching fine particles which made 4. 5at(s)% the amount of rare 
earth elements which includes Dy to Nd2Fel4B stoichiometric composition 
(amount of Nd(s) 12at%). The strong diffraction of alphaFe (110) is 
accepted to be FeSB (220) to 2theta=43. OSdeg by 2theta=44. 67deg with 
Nd2Fel4B. Quenching fine particles have about 30% of Nd2Fel4 B phase, 
65% or more of Fe3 B phase, and 5% or less of alphaFe phase in the 
detailed organization which consists of 20-50nm crystal grain. The 
magnetic properties of quenching fine particles are HCJ - 320 kA/m (- 4 
kOe), Br-h2T, and (BH) max - 95 kj/m3 (12MG0e). 

[0019] Drawing 2 shows the initial magnetization curve and recoiling 
property of a rare earth resin magnet of having hardened the above- 
mentioned amount quenching fine particles of low Nd(s), and the 
Ndl2Fe76. 5Co5. 50 B60PTIMUM-QUENCH quenching fine particles of Nd2Fel4B 
stoichiometric composition by resin. The amount quenching fine particles 
of low Nd(s) are Nucleation molds to the initial magnetization curve of 
the quenching fine particles near Nd2Fel4B stoichiometric composition 
being a pinning mold. 

[0020] Drawing 3 shows the impression field Hm dependency of the rate of 
irreversible flux reversal of the above-mentioned amount quenching fine 



particles of low Nd(s), and the Ndl2Fe76. 5Co5. 50 B60PTIMUM-QUENCH 
quenching fine particles of Nd2Fel4B stoichiometric composition. 
Irreversible magnetization is the magnetization Jirrev which does not 
carry out flux reversal here, when an opposing magnetic field is applied. 
Since Jirrev was less than 2 double [ of residual magnetization Jr ] at 
the maximum, it made Jirrev/2Jr the rate of irreversible flux reversal. 
The quenching fine particles near Nd2Fel4B stoichiometric composition 
have already started flux reversal irreversibly, if the field of HCJ 
extent is added. On the other hand, even if the amount quenching fine 
particles of low Nd(s) add the field of HCJ extent, flux reversal of 
them is still carried out reversibly. Carrying out flux reversal 
reversibly is returning to the condition of the first magnetization, 
when it was within the limits to HCJ extent and an opposing magnetic 
field is lost. This description is, "Exchange-spring-magnet, i.e., the 
exchange spring magnet fine particles, which Kneller and others says. 
[0021] Drawing 4 shows the demagnetization curve of a rare earth resin 
magnet which hardened two sorts of the Ndl2Fe76. 5Co5. 50 B60PTIMUM-QUENCH 
quenching fine particles of the exchange spring magnet fine particles 
which differ in fine-particles particle diameter, and Nd2 Fe<SUB>14B 
stoichiometric composition by resin. 

[0022] Since the quenching fine particles near Nd2Fel4B stoichiometric 
composition are 100-300nm of diameters of Nd2Fel4B crystal grain, Br, 
HCJ, and square shape nature (Hk/HCJ) fall [ fine-particles particle 
diameter ] greatly by 32 micrometers or less. However, exchange spring 
magnet fine particles maintain the magnetic properties stabilized even 
if it was fines 32 micrometers or less, since the diameters of crystal 
grain were 20-50nm and 1/2 or less. The rare earth resin magnet which 
raised the pack density of magnet fine particles can be obtained by 
mixing the exchange spring magnet fine particles containing 32 
micrometers or less with the quenching fine particles near [ than said 
magnet fine particles / where fine-particles particle diameter is 
bigger ] Nd2Fel4B stoichiometric composition (Ndl2Fe82 B6). 
[0023] Drawing 5 shows the magnetic properties of the rare earth resin 
magnet which hardened the mixed quenching fine particles which permuted 
some Ndl2Fe76. 5Co5. 50 B60PTIMUM-QUENCH quenching fine particles of 
Nd2Fel4B stoichiometric composition by resin to the amount of 
permutations of exchange spring magnet fine particles by exchange spring 
magnet fine particles. 

[0024] Like drawing 5 , it is wide range and HCJ of a rare earth resin 
magnet can be adjusted. Moreover, since Curie-temperature Tc of Fe3B and 
alphaFe is higher than 585K of Nd2Fel4B respectively 783K and 1043K, T 



is -0.07% of temperature coefficient delta Br/delta of exchange spring 
magnet fine particles, and about K. This value is a property equivalent 
to the case where Fe is permuted by about [ 16a t% ] Co in the quenching 
fine particles near Nd2Fel4B stoichiometric composition. 
[0025] Drawing 6 shows the relation between Br to HCJ of the rare earth 
resin magnet which hardened the above-mentioned mixed fine particles by 
resin, and the rare earth resin magnet which hardened alloy presentation 
Ndx(Fe0.8CoO. 2) bal B60PTIMUM-QUENCH quenching fine particles by resin, 
and (BH) max. (BH) max obtains a peak price with HCJ795 kA/m (lOkOe) 
extent near Nd2Fel4B stoichiometric composition. However, when Br in a 
low HCJ field is seen from it, the direction of the rare earth resin 
magnet permuted by exchange spring magnet fine particles is in the 
inclination which shows high Br. 

[0026] Drawing 7 shows the flux density Bd of the rare earth resin 
magnet which hardened exchange spring magnet fine particles and two 
sorts of Ndl2Fe76. 5Co5. 50 B60PTIMUM-QUENCH quenching fine particles of 
Nd2Fel4B stoichiometric composition by resin, and the irreversible 
demagnetizing factor after 80-degree-ClOOOH to the magnetic permeance 
coefficient Pc. Although the rare earth resin magnet of HCJ which 
hardened exchange spring magnet fine particles by resin is low, since it 
is high Br, the magnetic flux more than the rare earth resin magnet 
which hardened the quenching fine particles near Nd2Fel4B stoichiometric 
composition by resin is acquired more than by Pc=5. Moreover, generally, 
****** of T are temperature coefficient delta HCJ/delta -0. 36 of HCJ of 

exchange spring magnet fine particles 0. 40%/K about effect, and this 

value is almost equal to the thermal stability with which the 
temperature coefficient of HCJ and HCJ is represented by magnetic 
irreversible demagnetization to it of the quenching fine particles near 
stoichiometric composition. That is, there is the description that an 
irreversible demagnetizing factor is small considering low HCJ. 
[0027] 

[Effect of the Invention] Ndl2**0. 5at% near Nd2Fel4B stoichiometric 
composition (Ndl2Fe82 B6), The exchange spring magnet fine particles 
which consist of quenching fine particles of coercive force HCJ**10kOe, 
a software magnetism phase by which crystal grain was controlled by 20- 
50nm, and a hard magnetism phase are mixed, when this is hardened by 
resin and it is a rare earth resin magnet, even if it is a low coercive 
force field — (BH) — the rare earth resin magnet excellent in multi- 
electrode magnetization nature with the high adjustment of magnetic 
properties, such as max, Br, deltaBr/deltaT (%/K), and deltaHCJ/deltaT 
(%/K), can be obtained easily. Moreover, if the exchange spring magnet 



fine particles containing 32 micrometers or less are mixed with the 
quenching fine particles near [ than said magnet fine particles / where 
fine-particles particle diameter is bigger ] Nd2Fel4B stoichiometric 
composition, the rare earth resin magnet which raised the pack density 
of magnet fine particles can also be obtained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The property Fig. showing an X-ray diffraction pattern 
[Drawing 2] The initial magnetization curve and recoiling property Fig. 
of a rare earth resin magnet 

[Drawing 3] The property Fig. showing the impression field dependency of 

the rate of irreversible flux reversal 

[Drawing 4] The property Fig. showing the demagnetization curve of a 
rare earth resin magnet 

[Drawing 5] The magnetic-properties Fig. to the amount of permutations 
of exchange spring magnet fine particles 

[Drawing 6] The property Fig. showing the relation between HCJ and 
Br(BH) max 

[Drawing 7] A permeance coefficient, flux density, the property Fig. 
showing the relation of an irreversible demagnetizing factor 
[Drawing 8] The magnetic-properties Fig. to the amount of Nd(s) of a 
rare earth resin magnet 

[Drawing 9] The property Fig. showing HCJ and magnetization nature of a 
rare earth resin magnet 
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[Drawing 5] 
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[Drawing 9] 
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